Neutrophil granulocytes are the most abundant group of leukocytes in the peripheral blood. As professional phagocytes, they engulf bacteria and kill them intracellularly when their antimicrobial granules fuse with the phagosome. We found that neutrophils have an additional way of killing microorganisms: upon activation, they release granule proteins and chromatin that together form extracellular fibers that bind pathogens. These novel structures, or Neutrophil Extracellular Traps (NETs), degrade virulence factors and kill bacteria 1 , fungi 2 and parasites
1
, fungi 2 and parasites 3 . The structural backbone of NETs is DNA, and they are quickly degraded in the presence of DNases. Thus, bacteria expressing DNases are more virulent 4 . Using correlative microscopy combining TEM, SEM, immunofluorescence and live cell imaging techniques, we could show that upon stimulation, the nuclei of neutrophils lose their shape and the eu-and heterochromatin homogenize. Later, the nuclear envelope and the granule membranes disintegrate allowing the mixing of NET components. Finally, the NETs are released as the cell membrane breaks. This cell death program (NETosis) is distinct from apoptosis and necrosis and depends on the generation of Reactive Oxygen Species by NADPH oxidase 5 .
Neutrophil extracellular traps are abundant at sites of acute inflammation. NETs appear to be a form of innate immune response that bind microorganisms, prevent them from spreading, and ensure a high local concentration of antimicrobial agents to degrade virulence factors and kill pathogens thus allowing neutrophils to fulfill their antimicrobial function even beyond their life span. There is increasing evidence, however, that NETs are also involved in diseases that range from auto-immune syndromes to infertility 6 .
We describe methods to isolate Neutrophil Granulocytes from peripheral human blood 7 and stimulate them to form NETs. Also we include protocols to visualize the NETs in light and electron microscopy.
Video Link
The video component of this article can be found at http://www.jove.com/video/1724/ Protocol
PMN Isolation from human blood
Use about 24 ml human blood with EDTA or Heparin (10 U/ml) as anticoagulant.
1. Add 6 ml Histopaque 1119 to a 15 ml Falcon tube and carefully layer 5 to 7 ml whole blood on top. 2. Centrifuge for 20 minutes at 800 x g without braking.
3. Aspirate and discard yellowish and clear top layer and transfer lower reddish phase containing granulocytes into fresh Falcon tubes. 4. Wash cells by filling up Falcon tubes with PBS and centrifuge for 10 minutes at 300 x g. 5. In the meantime prepare a 100 % Percoll solution by mixing 18 ml Percoll with 2 ml 10x PBS. With 1x PBS prepare 4 ml solutions of 85 %, 80 %, 75 %, 70 % and 65 % Percoll. 6. Prepare 2 Falcon tubes with a Percoll gradient by layering 2 ml of every percentage on top of each other in decreasing order. 7. After centrifugation remove the supernatant, combine pellets and resuspend sedimented cells in 4 ml of PBS. 8. Carefully layer 2 ml of the resuspension onto each of the gradients. 9. Centrifuge for 20 minutes at 800 x g without braking. 10. After centrifugation remove top layer and most of the 65%-layer with PBMCs and collect white remaining interphases until 85%-layer into new Falcon tubes. 11. Wash cells by filling up the Falcon tubes with PBS and centrifuge for 10 minutes at 300 x g. 12. Remove supernatant and resuspend sedimented cells (usually >95% are PMN) in 2ml of PBS. 13. Count cells using a hemocytometer.
